In most applications of dissolution-DNP, the polarization of nuclei with low gyromagnetic ratios such as 13 C is enhanced directly by irradiating the ESR transitions of radicals with narrow ESR lines such as Trityl at low temperatures T = 1.2 K in polarizing fields B 0 6 5 T. In a field B 0 = 6.7 T at T = 1.2 K, DNP with TEMPO leads to a rapid build-up of proton polarization P( C) in excess of 70% within 20 min. After rapid dissolution to room temperature, this is 122 000 times larger than the Boltzmann polarization at 300 K and 6.7 T.
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For a variety of reasons, dynamic nuclear polarization (DNP) [1] , when it is used to boost the polarization P(S) of nuclei S with low gyromagnetic ratios c S prior to rapid heating to room temperature (so-called 'dissolution DNP' [2] ), is usually performed in fairly low magnetic fields, most frequently B 0 = 3.35 T. Furthermore, DNP is usually carried out at temperatures in the vicinity of T = 1.2 K. Under such conditions, the electron spin polarization is close to unity (P e = 95%). By irradiating the EPR transitions with microwaves, a significant fraction of this polarization can be transferred to the polarization P S of nuclear spins S such as 13 C, which is defined as
Experimental reports on low temperature dissolution DNP at fields above 3.35 T, i.e., at B 0 = 4.6 T using Trityl and at B 0 = 5 T using the widely available free radical 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) [3, 4] show substantial improvements in polarization levels achieved by direct DNP, i.e., P( 13 C) = 35% at 4.6 T and P( 13 C) = 15% at 5 T, albeit at the price of prohibitively long build-up times: s DNP ( 13 C) > 3000 s with Trityl at 4.6 T and s DNP ( 13 C) > 1000 s with TEMPO at 5 T. On the other hand, the build-up times are usually much shorter for protons than for carbon-13 when TEMPO is used as polarizing agent [5] [6] [7] [8] . We have shown recently [9] that the combination of 1 H DNP using TEMPO with cross-polarization (CP) to transfer the enhanced magnetization from 1 H to 13 C allows one to achieve dramatic improvements in both polarization levels and build-up rates. [9] At 3.35 T, polarization levels as high as
P(
1 H) = 40% and P( 1 H ? 13 C) = 25% after CP could be achieved quite rapidly since s DNP ( 1 H) = 90 s [10] . This approach opens new possibilities by accelerating sample throughput, which should be useful for many in vivo and in vitro hyperpolarization experiments.
Increasing the magnetic field B 0 beyond 5 T cannot significantly enhance P e since it is already close to unity at 3.35 T. It is therefore not obvious that an increase of B 0 can yield any improvement in the nuclear spin polarization P S . However, a closer inspection of the mechanism known as 'thermal mixing' (TM) as described by spin temperature theory [1] reveals that one should expect an improvement in DNP efficiency at higher fields. In this work, it is shown that at B 0 = 6.7 T and T = 1.2 K, using frozen glassy solutions containing TEMPO as polarizing agent, a polarization P( 13 C) = 36%
can be obtained directly, albeit with a slow build-up s DNP ( 13 C) = 2000 s. With Trityl, it might be possible to achieve higher polarization levels P( 13 C) at B 0 = 6.7 T, but the build-up times are likely to be much longer. With TEMPO at B 0 = 6.7 T and T = 1.2 K, the proton polarization builds up to P( The design of the DNP polarizer used in this letter was adapted from the 3.35 T apparatus described previously [11, 12] by running a superconducting magnet designed for B 0 = 7.05 T (Oxford Instruments) at B 0 = 6.7 T, corresponding to an electron frequency m e = 188 GHz. The microwave source (ELVA) initially operating at 94 GHz (tuning range ± 250 MHz, P max lw = 400 mW) was coupled to a frequency doubler (VDI/D200) to yield 188 GHz (tuning range ± 500 MHz, P .73 MHz, all other components of the DNP polarizer were kept unchanged [11] . While this simple upgrade may appear straightforward, our observation that DNP can actually be dramatically improved at such high fields is far from obvious.
The build-up of P( H polarization by TM. According to spin temperature theory [1] , the spectral diffusion among electron spins must be fast compared to the electron spin-lattice relaxation (t SD ( T 1e ). Fast spectral diffusion contributes to establishing a unique spin temperature T S in the rotating microwave frame [13] [14] [15] . This spin temperature is subsequently transferred by thermal contact to all nuclear spins in the sample [12] . The condition t SD ( T 1e can be readily fulfilled by increasing the radical concentration. However, the resulting dipolar broadening d d of the ESR spectrum should not mask the inhomogeneous broadening m e Dg. Since the inhomogeneous line-width m e Dg increases with B 0 , the radical concentration should be increased with B 0 . At 6.7 T and 1.2 K, we empirically determined the optimal radical concentration to be C e = 50 mM, instead of C e = 30 mM at 3.35 T and 1.2 K. Figure 2 demonstrates the use of CP to achieve an unprecedented level of P( 1 H ? 13 C) = 71% with a record build-up time of s DNP ( 1 H ? 13 C) = 490 s. This is accomplished by repeating a single-contact adiabatic half-passage cross-polarization (CP) scheme at intervals Dt CP = 300 s, inspired by preliminary work of PerezLinde and Köckenberger [18] . In our experiments, each CP contact comprises (a) two frequency-swept pulses applied simultaneously to both 1 H and 13 C channels, i.e., two CHIRP pulses of duration 175 ls with constant 40 kHz amplitudes on both channels (which must be limited to avoid arcing) and carrier frequencies swept in a linear fashion (from -100 kHz to 1 H or 13 C resonance) that convert the longitudinal magnetization I z + S z into transverse magnetization I x + S x , (b) a rectangular pulse with a constant 40 kHz amplitude of duration s CP = 1 ms applied to the 1 H channel, simultaneously with a ramped pulse applied to the 13 C channel with an amplitude that is increasing linearly between 36 and 44 kHz, [19] (c) and finally two CHIRP pulses with frequencies that are swept in the opposite sense as in step (a) to bring the magnetization back to I z + S z , in the manner of flip-back experiments [20] . The overall efficiency of this adiabatic half-passage CP scheme depends on many factors, such as the efficiency of each CP step, the partial depletion of the polarization P( We advocate the use of TEMPO to rapidly boost the proton polarization P( 1 H), followed by 1 H ? 13 C cross-polarization using adiabatic half-passage methods. Unless one wishes to avoid cross-polarization and prefers direct 13 C DNP, TEMPO is actually better than Trityl. Our strategy allows one to obtain higher polarization levels at high fields. Figure 3 shows the improvement of 13 C DNP at T = 1.2 K (with and without CP) at B 0 = 6.7 T compared to B 0 = 3.35 and 5 T. Figure 4 shows (a) the maximum 13 C polarization obtained and (b) the build-up time constants measured at B 0 = 6.7 T and different temperatures T = 1.2, 2.2, and 4.2 K, with and without CP. Table 1 collects the polarization levels and build-up times that have been observed and shows relaxation times at B 0 = 6.7 T and T = 1.2, 2.2, and 4.2 K. In our previous study at B 0 = 3.35 T [10] , we presented the temperature dependence of direct 13 C DNP as a function of microwave irradiation power in the same temperature range 1.2 < T < 4.2 K. It turned out that, with our microwave system [11] , a power P lw > 200 mW was required to achieve efficient polarization at T = 4.2 K. In the present letter, we used a microwave source with a fixed power P lw = 120 mW at f lw = 188 GHz. Improvements in microwave transmission and the use of more powerful microwave sources should be greatly beneficial for DNP at T = 4.2 K. In a high field B 0 = 6.7 T and at low temperatures 1.2 6 T 6 4.2 K, in concentrated frozen solutions of 50 mM TEMPO with broad EPR lines, proton DNP occurs mostly through thermal mixing (TM). The enhancements build up much faster for 1 H with TEMPO than for 13 C with Trityl. Adiabatic half-passage cross-polarization provides polarizations P( 
